INTRODUCTION
The concentration of (2) is increased by raiSing
The effects of ionizing radiation in living cells have been the subject of much recent research because the lethal damage is thought to be partially due to DNA strand breaks. 1 The radical products have been studied by ESR. On comparison with model ESR studies on irradiated nucleosides and nucleotides, a variety of radicals have been assigned. It has been assumed that phosphorus 1T radicals might be involved in reduction processes upon irradiation. Recently, the PO!-radical which is the product of C-O bond scission in y-irradiated a glycerol phosphate, has been aSSigned with ap =30 G, indicating an oxygen-centered radical. 2
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However, the involvement of a phosphorus-centered (J radical, i. e., a phosphoranyl or phosphoryl radical, has not been considered.
In this paper we report the occurrence of a phosphoranyl pV radical which is formed by electron capture upon x irradiation of thiophosphate 0,0, O-triester of methyl {3-D-ribopyranoside.
EXPERIMENTAL SECTION
the temperature, reaching an optimum at 203 K, while its ESR signal disappeared at about 243 K. The ESR spectrum of (2) consists of two sets of 3i p doublets, each set possessing One iH coupling. The angular variations are shown in Figs. 2(a) and 2(b). On rotation about the crystallographic c axis, two identical Single crystals of the thiophosphate 0,0, O-triester of methyl {3-D-ribopyranoside (1)3,4 which are grown by slow crystallization from (diethyl)ether, are orthorhom_ bic with space group P2i2i21 with four molecules in a unit cell (Fig. 1) .5 Crystal alignment was performed by use of a polarization microscope. From the extinction curve 6 the directions of the crystallographic axes were Obtained. These axes were easily identified by means of the rotating-crystal method,7 using CuK", radiation. The radical was generated by x irradiation at 77 K. Irradiated crystals, glued on a small quartz rod, were studied at 203 K on a Varian E -4 ESR spectrometer equipped with a Single axis goniometer.
RESULTS
X irradiation at 77 K of a single crystal of (1) gives rise to the ESR spectrum assigned to (2). The other (central) features, which are analogous to those reported for comparable sugar radicals,8 are not analyzed here. Fig. 2(a) ]. Upon rotation around the crystallographic b axis only one site was detected [ Fig. 2(b) ]. Furthermore, the ap value obtained from Fig. 2(a) along the crystallographic a axis equals that found from Fig. 2(b) along the same axis. From this it is concluded that the apil components of both sites are located in the ab plane. The IH coupling appears to be isotropic. The ESR parameters are collected in Table I .
ASSIGNMENT
The directions of the apil components fit excellently into the stereo projection of the unit cell along the c axis upon the ab plane (Fig. 3) . The projections of the P -02 linkages in this plane make angles of 56
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Therefore, we indicate the direction of the a pil components as shown in Fig. 3 . Furthermore, the P-0 2 linkages make an angle of 108 the crystallographic c axis. Thus, the structure of (2) has to be described as trigonal bipyramidal (TBP) with the O 2 oxygen ligand and the unpaired electron in the apical positions, the 02-P-, angle being 162 0 , while the 02-P-S angle probably will decrease from 121 0 to 90
From the anisotropic values of the phosphorus hyperfine coupling constants a pil = 886 G and apl = 776 G, the a p is calculated 9 to be 813 G. These values in-1'0 dicate a phosphorus 3s spin density of 0.22 and a 3p spin density of 0.35, resulting in a total spin density of 0.57 located on phosphorus in apical position.
The hfc of 5 G can be ascribed to the hydrogen in quasiapical position Ca-H, vide infra, which value has probably a negative sign, because it is the result of spin polarization in accordance with its isotropic character. The quasiequatorial C 2 -H and Ca-H hydrogen hfc are not observed. The remaining spin density will be distributed over the equatorial ligands 010 Oa, and S.
DISCUSSION
The possibility that the ESR spectra described above have to be attributed to a radical which would be the result of scission of the P -0 2 bond, i. e., a phosphonyl radical, is ruled out on the basis of its a p values, in the case of, e. g" (MeO)2PO an apiso = 700 G, has been observed. 10 Furthermore, in the latter type of radical two equivalent 1H splittings would have been observed.
The assignment of the small 1H hfc to the C a -H hydrogen is consistent with the results of other TBP pV radicals which also show a unique hydrogen splitting of 3-7 G for the hydrogen id quasiapical position and zero hfc for pseudoequatorial hydrogens. 11 In fact, the unique splitting of 5 G is Similar to that we found for the hydrogen in the structurally related radical (3) which is formed in liquid phase by photolysis of di-tbutylperoxide in the presence of phosphite (4) The TBP-a configuration found for (2) agrees with the P(OCH2CH2)aWBF:; radical (5), 12 which adopts a TBP-a structure with the unpaired electron and nitrogen in the apical positions, the N -p-. angle being 168
•
Also its alp hfc values are almost identical, apil =888 G, apl = 753 G, and an additional 14N hfc aNIl =21.2 G, a N J.=22.7 G.
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Obviously, radical (2) has been generated by electron capture at phosphorus. Its TBP structure will be stabilized by the two five-membered rings which span apical-equatorial positions, plaCing the six-membered ring diequatorially. 1a Electronically, it is conceivable that the negative sulfur ligand favors the equatorial position in this rigid frame work.
On warming, the ESR signal disappeared at -30 °C indicating C1 or {3 scission which processes are known to occur readily in pV a radicals, 14 giving rise to relatively stable sugar radicals.
In the absence of the pV stabilizing factors C1 or {3 scission may occur in such rate that the pV structure cannot be detected. For example, in irradiated deoxycytidine-5' -phosphate (6) the radical (7) has been observed. 15 ,16 We propose here that this radical probably will be the result of {3 scission of the inter- mediate phosphorus-centered a radical which is formed by electron capture. In nucleic acid polymers this type of scission gives rise to strand breaks, indicating its importance for the living cell.
